Three recent studies report on the olfactory mechanisms used for gender identification in Drosophila and on the olfactory receptors stimulated by the pheromone 11-cis-vaccenyl acetate. This pheromone activates specific olfactory receptors that suppress the courtship of males with other males, promote the sexual receptivity of females, and participate in the formation of memories about prior courtship experiences.
Social communication and recognition used in identifying possible sexual partners and effecting subsequent reproductive behavior in insects are mediated largely by sensing pheromones with the olfactory nervous system. Three papers published concurrently in Nature and Current Biology provide new and detailed information about the specific olfactory receptors engaged by pheromones, the olfactoryreceptor neurons that express them, and the initial neural pathways activated for several different sex-specific behaviors expressed during courtship of Drosophila. One pheromone of particular importance for all three papers is 11-cis-vaccenyl acetate (cVA), a lipid thought to be released at low levels from the cuticle of male flies to attract other flies into a small population aggregate. It is also synthesized in the male's ejaculatory bulb and transferred to the recipient female during copulation.
van der Goes van Naters and Carlson (2007) report the results of a systematic study of the electrophysiological response properties of the tricoid sensilla on the antenna of Drosophila when stimulated with odors derived from food sources, fermentation products, cVA, and other flies. Male flies have 170 and females 140 of these sensilla that consist of three different subtypes (T1, T2, and T3) localized to the distolateral part of both the anterior and posterior surfaces of the antennae (Figure 1 ; Shanbhag et al., 1999) . These olfactory sense organs are small porous hairs through which odors can pass to excite the dendrites of between one and three different olfactory-receptor neurons that reside at the base of each hair. No strong responses were obtained from these olfactory organs using dozens of compounds derived from food extracts or fermentation products. Rather, these sensilla responded strongly to the odors derived from other flies. The T1 class of sensilla (which has only a single neuron per hair) responded strongly to male extracts but not to virgin female extracts, and the T2 and T3 classes of sensilla (which have two and three neurons per hair, respectively) responded equally to both extracts. These experiments identify the trichoid sensilla as the sensory organs programmed for gender recognition during the approach of another fly (Figure 1) .
Twelve of the 60 known Drosophila olfactory-receptor genes are expressed within olfactoryreceptor neurons that innervate the trichoid sensilla (Couto et al., 2005) . van der Goes van Naters and Carlson tested these 12 receptors for their response properties in vivo by directing their expression individually to an olfactory-receptor neuron genetically mutant for its own endogenous receptor (empty neuron), using odors from males, virgin females, mated females, and cVA to stimulate these reconstituted olfactoryreceptor neurons. Surprisingly, there was no difference in the response properties of the receptors when tested in a female or a male neuron, indicating that the responses are independent of the gender of the neuron, even though the receptors may be involved in gender recognition. Four of the tested receptors (Or47b, Or65a, Or67d, and Or88a) responded strongly to male odors, and two of these (Or47b and Or88a) also responded to odors of virgin females. The T1 subclass of trichoid sensilla is known to express the Or67d receptor and the T3 subclass the Or47b, Or65a, and Or88a receptors (Couto et al., 2005; Ha and Smith, 2006) . The T2 subclass of sensilla express the Or23a and Or83c receptors. It is unclear why Or23a and Or83c failed to produce responses when tested in the empty neuron, but perhaps the test neuron fails to have some of the necessary accessory components for the activity of these specific receptors. For instance, the odorant-binding protein, Lush, has been reported to be required for T1 sensilla to respond to cVA (Xu et al., 2005) .
The male-specific pheromone cVA was also tested as an odorant against the four receptors. Two of the four receptors (Or65a and Or67d) responded strongly to cVA. Interestingly, odors extracted from mated females also activated these two receptors, whereas virgin female extracts did not. Mated females probably adopt part of the pheromone profile of males, since cVA is transferred during copulation. Overall, the data published by van der Goes van Naters and Carlson are compatible with the notion that maleness is detected by the activation of Or67d, Or65a, Or47b, and Or88a in all classes of the trichoid sensilla and femaleness by the activation of Or47b and Or88a in the T3 sensilla, perhaps along with the lack of activation of Or67d and Or65a.
Amina Kurtovic, Alexandre Widmer, and Barry Dickson (Kurtovic et al., 2007) focused on the pheromone cVA and Or67d, providing evidence that cVA serves a dual purpose, participating in sexual communication in both males and females through the activation of Or67d. Mutant flies missing the Or67d receptor completely lack the normal electrophysiological response induced in the T1 tricoid sensilla induced by cVA. Behaviorally, the mutant males court virgin females with the same vigor as wild-type males, indicating that cVA/Or67d interactions do not significantly influence the initial courtship activity of males with virgin females in this test (Figure 2 ). In contrast, the loss of Or67d activity led to a 3-fold increase in the low level of male courtship normally exhibited by wild-type males (Figure 2 ). This suggests that the normal function of the Or67d receptors in males is to detect cVA emitted from nearby males, to participate in ascertaining gender, and to suppress the physiological urges underlying courtship. The role of cVA as the ligand for Or67d function in male courtship suppression was tested by pairing males with virgin females painted with cVA. Normal males strongly avoided the cVA-laced virgin females, whereas males missing Or67d did not. Normal courtship behavior was restored in mutants by replacing Or67d gene function in the olfactory-receptor neurons that normally express it.
Females that are mutant for the Or67d receptor also exhibit abnormal courtship behavior. They showed about a 50% decrease in receptivity to the courtship advances of wild-type males, suggesting that the cVA/Or67d receptor pathway promotes sexual receptivity in females upon detecting cVA emitted from courting males (Figure 2 ). However, females without the Or67d receptor have significant sexual receptivity, indicating that the cVA/ Or67d pathway is not the sole mechanism by which females become receptive to courting males.
Results from other clever experiments further argue that the cVA/Or67d receptor pathway is sufficient for suppressing male courtship. Receptors from either the silkmoth Bombyx mori or tobacco budworm Heliothis virescens were expressed in male flies, and female Drosophila virgins were painted with pheromones from these insects thought to be involved in sex recognition. Drosophila males that express the silkmoth receptor in the Or67d neurons exhibited reduced courtship only to females painted with the silkmoth pheromone, and those expressing the tobacco hornworm receptor exhibited reduced courtship only to females expressing the tobacco hornworm receptor.
Aki Ejima, Leslie Griffith and collaborators (Ejima et al., 2007 ) offer yet another function for cVA in conditioned behavioral responses from courtship activity. In flies, male courtship that fails to culminate in copulation leads to a reduction in subsequent courtship attempts, but this reduction is specific to the age and sexual status of the female that is courted initially. If the initial courtship object is an immature virgin that rejects the male by kicking and running away, subsequent courtship is reduced for immature virgins but not for mature virgins or mature mated females. Similarly, if the initial courtship object is a mature virgin, subsequent courtship is reduced only for mature and not immature females. However, if the initial partner selected by the male is a mature and already mated female that rejects the male by kicking and extruding her ovipositor, courtship is reduced for all types of females (Ejima et al., 2005) .
This ''generalized'' and learned reduction in courtship activity produced when using mature and mated females for the conditioning of males is due to the association of an aversive pheromonal cue with a courtship object (another fly). Ejima, Griffith, and collaborators identified the pheromone that produces this generalized learning as cVA by analyzing the constituents of hydrocarbon extracts of mature and mated females and testing them to determine which constituents would produce the behavioral response when presented along with a training object. cVA was found to be sufficient for producing generalized learning.
How is cVA sensed during male: mated female courtship to produce the generalized reduction in courtship behavior? The authors tested the role of the two known cVA receptors (Or67d and Or65a) identified by van der Goes van Naters and Carlson (2007) by blocking synaptic release from the olfactory-receptor neurons that express the receptors with the expression of tetanus toxin in these cells. They quantified the effect by measuring the initial courtship of the blocked males to mature virgin females in a test chamber laced with the odor of cVA. Normal males exhibited a strong reduction in courtship activity in the presence of cVA. Surprisingly, blocking the synaptic activity of the Or67d neurons in the courting males did not completely abrogate the effectiveness of cVA as one might expect, indicating that the Or67d neurons are not the sole mediators of the cVA-induced reduction in male courtship activity. Blocking the synaptic activity of the Or65a olfactory-receptor neurons abolished the effectiveness of cVA, indicating that this receptor and Or65a olfactory-receptor neurons are involved in the cVA-induced reduction in male courtship activity.
The identification of Or65a, but not Or67d, in mediating the reduction in male courtship activity by cVA at first appears to stand at odds with the results of Kurtovic et al. (2007) , which show that cVA is less potent in reducing male courtship activity in mutants of Or67d. However, it seems likely that both receptors are involved. Mutation of Or67d only partially blocks the effectiveness of cVA in reducing male courtship, suggesting the existence of a pathway separate from cVA/Or67d in suppressing male courtship activity (Kurtovic et al., 2007) . This could be the cVA/Or65a pathway. In addition, the expression of TNT in Or67d neurons appears to slightly reduce the effectiveness of cVA in suppressing courtship (Ejima et al., 2007) . The Ejima studies are thus consistent with the model that strong cVA pulses emitted from mated females by ovipositor extrusion during courtship attempts are detected by the Or67d and Or65a receptors of the courting males and become associated with the courtship object, leading to a subsequent suppression in courtship activity (Figure 2) .
The new information that we have learned from these three studies is that the trichoid sensilla along with the olfactory-receptor neurons Or67d, Or65a, Or47b, and Or88a appear to be the dominant part of the Drosophila olfactory system in gender detection and initiating sex-specific courtship behaviors (Figures 1 and 2) . In this sense, the trichoid sensilla and their receptors are broadly similar to the vomeronasal organ (VNO) of mammals, which is a chemosensory system that senses pheromonal cues and is involved in gender discrimination, although recent studies indicate that pheromone detection in mammals is not an exclusive property of the VNO but is also mediated by the main olfactory epithelium (Dulac and Wagner, 2006) . The olfactory receptor neurons that express the Or67d and Or65a receptors are known to project axons into the antennal lobe glomeruli DA1 and DA1, DL3, DC1, VA1, and DA4m, respectively (Figure 2 ; Couto et al., 2005; Ejima et al., 2007; Kurtovic et al., 2007) . The second-order neurons in the antennal lobe send information to at least two third-order brain areas, the mushroom bodies and the lateral horn (Davis, 2004) . Intriguingly, both DA1 and VA1 are sexually dimorphic, being larger in males (Kondoh et al., 2003) , consistent with a sexspecific function.
Although this is an impressive beginning, there remains a large void between knowing that cVA activates the OR67d and OR65a receptors, which in turn activate second-order neurons in the antennal lobe, and how behavior subsequently emerges from this initial activity. Filling the gap in knowledge about circuitry, the information processing that occurs in each successive neural station, and how these processes ultimately produce behavioral responses will be a large task for the future.
